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DESCRIPTION 

VIBRATION ACUIATOR HAVINQ AN ELASTIC MEMBER BETWEEN 
A SUSPENSION PLATE AND A MAGNETIC CIRCUIT DEVICE 



The prBsert Invention relates to a vibration actuator which is mainly 
mountad on mobile communication apparatuses such as a cellular phor,e. and 
which has aluncdon of generating a call sound, avolce. and a vibratwr. 

A conventional vibration actuator Is disclosed in Rg. 5 of United States 
Patent No, 5.528.697 Issued to Yoshika^u Sato. Tha conventional vlbr^on 
actaatorcomprisssamagnet.apole piece, andayokevvhlch are coupled with 

oneanothertofonnamagneticclrcultdevlcewithamegneticgap. Tha 

rpagnatic circuit device Is elastically suspended to a case or a vibration 
transmrtterbyaspringbodyorasuspenslonplatelnapradetennlnaddiracuon^ 

AdlaphragmlsattacnadasavibratlngmembertDthecase. Acolllsilxedtothe 
diaphragm and disposed in the magnetic gap otihe magnetic dreuit 
ir, the conventional vibration actuator, the magnatlc circuit device Is dlractly 
suspandedbyonlythBSUspenslonplatetothevibrationtransmltter. Withthls 

structure, a Q (Indicating herelnunder the steepness In mechanical rasonance) «s 
greatdurlngvlbratlonresonancetonarrowabandafthevibration. Asaresultof 
naoowing the band.aia,geiasonance positional deviation occurs dependent on 
usecondltiorrs. Accordingly, it Is necessary to use a compHcated circuit In onler 
to driva the conventional vibration actuator. 

Ills therefore an objactotthe prasent Invention to provide a vibration 
actuator which supprasses the above-mantioned Q ch^fl vibration rasonance. 
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Other objects of the presertl invention will become clear as the 

description proceeds. 

A vibration actuator to v»hich the present invention is applied Includee a 
magnetic cIrcuH device with a magnetic gap. a vibrating member, a cofl fixed to 
the Vibrating member and disposed in the magnetic gap. a vibration transmitter, 
and a suspension plate for elastically suspending the magnetic cimuit device to 
the vibration transmitler in a predetermined direction. The vibration actuator 
further comprises a primanf elestio member interposed between the suspension 
p,ale and the magnetic circuit device in the predetem^ined direction. 

Prinf nn-inripltnn nf Ihr n«wingai 

Fig. 1 Als a paitlaliy cutiop view of a vibraBon actuator according to aflrst 

embodiment of the present invention; 

Fig 1B is a sectional viewtaken along aline l-l of Fig. lA; 

Fig. 2A is a plan View of a suspension plate used in the vibration actuator 

ofFigs. lAandlB; 

Rg 2BlsaviewshowlngvlbrationfrequBncypi«perties.whereinasolid 

Hnerepresentsacaseusingthesuspenslon plate of Rg.2.abroken line 

representing a case using a conventional suspension plate: 

Fig. 3A is a partially cut top view of a vibraBon actuator according to a 

second embodiment of the present invention: 

Fig 3B is a sectional view taken along a line Ill-IH of Fig. 3A: 

Fig. 3C is a partialiy cuttop view showing a modificaBon of the vibration 

actuator illustrated In Figs. 3Aand3B; 

Fig. 4 la a sectional view of a vibiatlon actuator according to a thiid 

embodiment of the present invention: 

Fig. 5 is a sectional view of a vibration actuator according to a fourth 

embodiment of the present invenllon: 
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Rg. 6 Isasscrtlonal viewof awbrationartuatoracoordlngtoafllth 

embodiment of the present Invention: 

Fig. 7 is a sectional view of a vlt)ration actuator aocoiding to a Bbdh 

embodiment of the present invention; 

Rg, 8 is a sectional viewof a vibration actuator according to a seNrenth 

embodiment of the present Invention: 

Rg. 9 is a sectional view of a vibration actuator according to an eighth 

embodiment of the present invention; 

Rg. 1 0 IS a sectional view of a vibration actuator according to a ninth 

embodiment of the present Invention: 

Rg. 11 isasecttonalvlewofavibrailon actuator accordlngto atenth 

embodiment of the present Invention; 

Rg i2Aisasectlonalviewofavtt)rationactuatoraccordingtoan 

eleventh embodiment Of the present Invention, wherelnavibrating member hasa 

corrugation; ^ 

viOT»^ m.mb« do« no. have acor,ug«kK>, v««™in . Ihlck »«*^^ 

acM«,r..thlnl«*=n.|ln.«pr»««ng«»dWo^ 
coiwentloralvJicationacluBte; 

ambodiroentoHhapreMOtl'WW*"'! 

Vibration actuator illustrated in Fig. 1 3; 
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l^.15ls.p«tWyb™K9npe«p«INevtawotacellular phone 

vibration actuator of a ciieular shape; and 

FI9. 16 IS a partlally ixoken perepadlve vlow ot a cdlular phone l«wliw a 

vtaation actuator of an elongated dicuBt ehape.. 

nnrrrilnllmi itf V° Fmho'tlmn's 

Wih relerenoe t» HgMAand IB, description y-11 be made as reg«ds a 

vibratkH,aclurtoracbot«n9<o«<*««'*°^'""«'*'^'^'"'™^ 

■n» vlbndlori «luator of Rgs. Uand 1B compdses a yoke 1. a disc 

^ape*pennan«itn»9ne.2..P«.3«l«'"««*«'«*''"'^'° ^ 
tarmarna^cdrc.*d»^v*ha,,.!^.B.pI«'h.««nner.<na«nin*ee^ 

Thevit«tlonactualori,us«ad,called-.l.^n.osnei.ctypa Ae«*a«shaft 
llextends.napredeten«lneddire<*norav««««.dl»d*«and.» 

e^eddedln«,ereo,.eor.hayote1. TT-centn.**" l»P•«*- 
,„se..«l ««ugh tt« cantret hoie M«» megne* cl»« d«*e to poelbon «» 

,oKe1,thep«n.anen.n«s^2,end.heplalBS«««esan».»ls. Th-oenlrai 

shaB11mayhasashapeofal«lt.apin,orthel1l<e. ^ . 

T«e vibration actuator further con^ttse. a vlt»-lnB 9 n»tal 

„„10flxed»,hevih-at*«membersand dispose, intheraagnetlcwo.*^ 
„^«,edro>Mtd«to,a,«.afcn.r»s.«ter12.nade.sasln9le«nllof,^ 
«*,a--asu.p»»lonplata5o.m«=.«-elas.teauysuspen*g.hem«;n«« 

cta«d«lo.to««.vll»*.on«m«nmert2lntheprad.tenrt^^ The 
v^,ran«nitter12lscoop«-«.wi«.«»vibr«lng.nen*er9t.«in«.nd1hs 

^gnrtlo drailt dsytoe and therrtore 8er.es as a casing. 

Thesusp«islonpla.a5Iscon«i..«adofa.lng.ePl»««"^"-^' 
^„alle=feprt««hloh,^la.erbecon,ede.r. 7*a«,ap«»lonp.ataSh.sa 

ceruralportk.nsaandapedphera.^aa™^'^"^"-*'''^ ^ 
eanlnt. por^nsa is conn««ed.oapeHph«al pert o.*e!(.ke 1 of.h.n»SinB«c 

dna* device via a primaiy elastic mBither Ba Intarposed hatween tha 
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suspension plate 5 and the magnetio circuit device In the predetennlned direction. 
The perlpherai portion 5b is oonr^ected to the vibration transmitter 12 via a 
secondary elastic member or material 60. 

The vibrating member 9 has a peripheral portion connected to an upper 
end of the vibrationlransmitter 12 via an additional elastic member 6b. Theooil 
1 0 is positioned at a central portion of the vibrating member 9 and fixed to the 
Vibrating member 9 via an adhesive or the Hka. Each of the primanr and the 
additional elastic members 6a and 6b is made of material such as a pressure 
sensitive adhesive, bonding agent, and resin. The secondary elastic matenal 
may also be made of material such as a preesure^ensltlve adhesive, bonduig 
agent, and resin. 

With the Vibration actuator, elnce the suspension plate 5 is connected to 
me outer peripheral part oftheyoKel.thevibraUon Of themagnetlcdtcuitdevu^ 
can bo suppressed. In additton. a height dimenston can be reduced by using the 

vibrating member 9 of a flat shape. 

Here the tip end of the yoke 1 of the magnetio circuit device Is formed In 

the Shape of protrusions, corrugsllons. or the «ke so that a high magnetic llux 
density is easily generated even In the internal magnetic type or an external 
magnetiotype. Moreover, the magnetic pole of the permanent magnet 2 may be 

dbBcted in either direction. 

used in the suspension plate 5 Is a spring material of at least one metal 
selectedfrom SUS304, SUS301. nickel silver, phosphor bronze and berylBum- 
copper (Be^) altoy. Addltkjnally. the suspension plate 5 is integmlly attached 
to the vibration transmitter 12 by Insert molding, welding, bonding, and the like. 

The coll 10 IS bonded tothe arbitrary posltton of a radial direction of the 
vibratinBmember9byanadhesive.andthellke. in the vibrating member 9. 
predetem,inedacousacpropertlescanbeobtalnedbytheart3itraryplate 
thickness Of theflalshape. discshape, cuored Shape, comigation or combined 
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cun/edshapa. TboW8ln.la.B-«mpOtu« of the vlbrafcig member 9. «« outer 
p«,ph.mlpenof.hevlb™*gn«™ber9»1l«sdtoftev*ndlo«,ra^ 

Via the additional elastic member Bb. 

Thevib,«lont,«is.™tter121etbm»dol«eln».MnB->oulan«aetlo 

aaon, arHl IS Bbltrorily provWed »i* a SOUTKI en«*9 hote 13 to «>«y«^ 
p^cHelmhoBz resonator. H«.,th.lolnedpenoCe«=hp«t«f1he 

«a««orlsh.rme,toa^ s«ted in oraerto p.»««a.r*o«.1i«*.8 l«or 

outvl«thepaitotneritiantha«oundeinlttinal»lel3. 

RaWrtn, to Fig. suspension pu« 5 has .hr-i te- POT*** 

„«^e>««.<.in8a>onB.»PW»™^'"*'^""''^'^""'""''7^ 
pcrtonaeaa,*.*. Ea*ofth.le-«x...9S«>».om.edty.™e.onga.«i 

h.l»16ex.en-Wsubeten.l«Wpa.B««'<°*espi.aIou,ve. Eacho.»,e 
^ho.e.ie.««K.«eaaandan««,.««e.e«eaO«««,*ee^ 
J. ™e,K.ar..3a«d,«n«.by«*c^»««e,16aand^sort-« 
respect.. T„. «t«n«^ »e. deW* -he sptra. surfaoe. 16b. 

E.chofiheM^al'-rtao.""''*""*'"*"""'^ . ^.^^ 
Morepa,i«le-y.*e«Po«^Pl»»*'«»»««=^""**'^^ 

3U«ea..hesuspen.^pi«5*P«««-«*^'-"*'*^"*''°^ 

H=,es16c,.spoaed»,eoo-<r«v-pos«l«i.on.d»c 

a^dbo,es16.vedap««.e«*,««r«..b.b.-.o,.««-«^N,-. 

J^ngeofSSdesraeaor^re. 

^„a...bas„spe.«.onspHn«panl5. ^7"^^, 

sTas «n, sboc are app«.d ,«e <.»n«,o J^^^'' 
^,,c,dlnthe<««.rtod.ec.kx,.bm.h.,SWln.bad,,««..U.d«»K^ 

anaU. and no peimanent strain remains. 

^B,.«.v«««ont,«n«nCP,op«,ies.,es,»wnbyaso.d,™^a 
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VVIth«(ere™toRgs.3Aani3B.the*»*ll=nwlllbeina«i.a. 
^ a v«»=«on a,auaBr aeoo*, » . Mcond «*odlm^ 
»,««to„. ThBV«KallonacmaioroompHsMdmil«pat.d.=l^ 

,„ tt,B v««aon aouator ot BBS. 3Aa«l 3B, a vibrator aroa IS ertawd b» 
,«„«*.v*««,«.ne«i.>er9a,,d«»v.b,a«on.r™n«»r12lna^^^^ 

„,ahou...«a«echn-n.P«.and»^.d»P«t«-'P«»«'--'™«^ 

bv the area reduction. . 

.naddliK.n.aconusaBdsBPP^I*!""*^"'*''™'"'-'"^ 

p3,.o..havlbra«Pn«,-««"«"''*-««-'^"'^^'^^ 
lg„a«cdrcu«d«te.«x.^v««-^»a"--»«1^"P-«"*""^^^ 

J.,.«,loe,r«,be,n8a«.ad»^<^ ^^<«^^j;^ 

W,m,ele«n»»B*3C,i«ada«Hp*«-.ban«de.ar.8-*^ 
^c^„=,*.vl^,o„ac«a»r,^.n«g.3*and3B, 

vll=,-w™«bar9and«ie»lbra«on«n«n«er,2.,«yb.fo..««iin«. 
rtooBaleclclreul«r8hapBasshovmlnng.3C. 

,n««b..««vib,-^»-«™<>''=^='^^"'^'"\:n^ 
s^™ionp«a5n«,beWm.<.«.ha»a.bapes,m.ar»«-o.*.»b«i«n 

U,e viwailon aciuator can cati» *a vBc-lon of a grww l«^ 
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with reference to Fig. 4, the deacriptton will be made as regards a 
vibration actuator according to a tWrd embodiment of the present Invention. The 
vibration actuator comprises similar parts de^gnated by Kke reference numeials. 
in the vibration actuator of Rg. 4, the coil 10 is divided Into a plurality of pieces or 
cons 1 0a and 10b arranged in the predetemiined direction. When the colls 10a 
and 10b or the magnetic circuit device vibrates, a strong magnetlcflux is always 

applied to either one coll. 

With reference to Fig. 5. the description wfll be made as regards a 
Vibration actuator according to a fourth embodiment of the present invention. 
The vibration actuator comprises similar parts designated by like reference 
numerals. In the vibration actuator of F.g. 5. the outer peripheral part of the 
vibrating member 9 is bonded to the outer peripheral part of the suspension plate 
5 with the adhesive or the like WBhout toiteiposlng any elasHc material. With this 
atmcture. the height dimension and volume of the vibration achiator can be 
reduced. 

With reference to Rg. 6. the description wBI be made as regards a 
Vibration actuator according to a fiftti embodiment of the present Im^ntion. The 
vibration actuator comprises sImOar parts designated by like reference numerals, 
in the Vibration actuator of Fig. 6. the magnetic circuit device in the vibraBon 
actoalor is changed to that of the external magnetic type. Adonut^ed 
pemianent magnet 2a is heW and Inserted between the comigated groove 
tombed in the outer peripheral part otthe yoke 1 and a Plato 3a Vla*e adhesive 

or the Hke. and ooaxiaWy positioned. 

With reference to Rg. 7, the description will be made as regards a 
vibration actuator according to a sixth embodlmem of the present Invention, THe 
Vibration actuator comprises similar parts designated by like reference numerals. 
ThevlbratlonacluatorofFlg.7lsofthelntemalmagnet5ctype. The central shaft 
11 18 passed and inserted thn^igh the cential holeof asuspenston plate 5a and 
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magnetio circuit device while the central pait.of the suspension piate 5a is held 
via an elastic member 6c. The magnetic drourt device, the suspension plate 5a, 
andthe vibration transmitter 12 are positioned on the same axis by the eenbel 
shaft 11 . It is to be noted that the suspension plate 5a corresponds to the 
suspension plate 6 in Figs. 1 A and 1 B and that the elastic member 6o 
corresponds to the primary elesfic member 6a In Rgs. 1 A and 1 B. 

With reference to Fig. 8. the description will be made as regards a 
vibration eotuator according to a seventh embodiment of the present im^entlon. 
■me vibn^on actuator comprises similar parts designated by like reference 
numerals, m the vibration actuator of Fig. 8. the magnetic circuit device of the 
vtoratlonactuatorofRg.7lschangsdtothatofth.exiemalmagnetictype. in 
addttion.aradlais.~oture IS used in consideration ofacountwmeaaureagal^ 

leaic magnetic flux. He«, similarly to the vibration actuator Illustrated in Rg. 6. 
th^donut-shapedpennanent magnet 2a is held and embedded in the com.ga.ad 

groove formed in the outer perlpheraJ part Ofayoicelcandapiate 3b viathe 

ac.hesiveorthe.iKe.andpositlonedonihesamea,ds. it Is to be noted that the 
magnetization of the donut-shapedpemianenlmagnet 2a Islnathickness 

direction. 

With reference to Rg. 9. the description win be made as regartls a 
vibration actuator according to an eighth embodlmentof the present ImmnUon. 
The vibration actuator comprises slmBar parts designated by like reference 
numerals. inthevlbrationactuatorofRg. 9. the magnetic circuit device Is 
changedtothatofhighmagneticlluxdsnsltystmcture. In addition, the radial 
atrudure Is used in consideration of the countenneasure against the leak 
magneticflux. Similarly to Rg. 5. adonut-shaped pem^aneni magnet 2b « held 
between and fixedtothe outer peripheral partoftheyokeandaplateacof the 

^sinorthellkev.atheadhasiveortheiBce.andcoaxlaHypositloned. itlstobe 
noted that the magnetization of the donut^haped pennaneni magnet 2b .s In a 
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clrcumfererrtial directton. 

vlb™«oneca«K.racco,d^.oanl*en««»»en.rtthepre^ Th. 
v«^na*a»rcomprts«slmttrpa«des«naWb,.l»«Weocenum«l.. 
T^e vibraaon Botualor of eg. 10 is of «.e Men»l mww*. type in thai 

bi,Bsusp««k,npWe5cviaanel»aomat«1.16d. While «»sln«=r«ipport 

n,a»™«cd«ultd.«e may b.m«of*.ex«m-n»8n-« 

• weon^-*-""- M«««r,s»n«a*«.F,g.l.by«x'no.he»sp««l«. 
p«.5cteWou«p««Pt«alp-ta.th.yol«le..hev.b.«ion=f«,enaB««c 

*cultd«lc.canrt.ec««lyb.«*pn«e4 «te to be noted that the 
su«.en-en plate 6= <««eponde.o the su^penston pta« s in F,9s. 1 A end 

a«i the. ete«te n«™ber ec cemepond. .= the prtmaof eteete member 8d m 

Rgs. lAandlB. ^ . ^ 

Wh». . drt« cua«« le «*P««i » *e --"a™^ 
a«,th.vlbra«ngmember9vlb«.eelos«he,w«h.hecoll10lnthe 

prede.emuneddlmcllcolnthemannerkno.nlnth.at ln1hS-««.the 

vihrailna member 9 produce, a vlbndlon hwing a ^ amplitude. Th» le 

beoeuse.«,evlbra«onmeml«9ho«t*»y 

a„dmeltaende«B0hedvtath.el.-tom«nb.r6do.,h.pr..su».««*« 
adhesi«, bonding agent or resin. Thevlbratonotthevtb^angm-nberSl. 
.^medtoelr, Theretom..he»ous«opmpenie.»<thahloh««dP«a«"" 
„^ end of a Wide bend can be Obtained. Moreoyer,inae™cha.theol«*c 
^ W u. us«l between the resp«*;e m«nb«s, the Q d-ipg -eeonenoe 

can be suppressed. 
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in thi8 case, the vibration transmltler 1 2 forms the fixed part in the low 
frequency or forms the elastic: material in the high frequency, and vlbmtes as a 
part of the vlbraior 9. The magn^tlo drcun device and the vibrating members 
„«erfere with each other to operate in each of the vibration and acoustic modes. 
Moreover, since the members other than ti.e magnetic circuit device. tt.e co.! 1 0. 
and the central shaft 11 bring aboutthe elastic action, the perfomiance 
deterioration by the abnormal stresses such as the tailing shocKcan be reduced. 

With reference to Rg. ii. the descnptfonwillbemadeas regards a 
vibration acluatt)r according to a terth embodiment of the present Invention. 
The vibration actuator comprises similar parts designated by like reference 

numerals. . ^*u^ 

,n the Vibration actuator of Fig. 11 . the magnetic circuit device is of the 
interna, rr^agnetic type slmilartothatof the vibration acluaior shown In R^^ 
andlB. but separately the externa, magneticiype.ortheradla. type may be used. 

Asuspenslon Plate 5dlsfixedtoti.emagnetlccircuitdevlcev«an elastic 
n^atehalormembereeandtothevibrationtransmmeriavlathesecondary 
eiasticmembereo. The elastic material or member 6e is of the pressure- 
^nsitive adhesive, bonding agent, resin, ortha like. It is to be noted that the 
suspension plate 5d corresponds to the suspension plate 5 in Pgs. 1 A and IB 
and tiiat the elastic material or member 6e conesponds to ti« primary elastic 

member ea hi Rgs. 1 A and 1B. 

A vibrating plate 9a corresponding tD the vibrating plate 9 in Rgs. lAand 
1B has a corrugated partSI m order to Increase the ampfitudaof the vibrating 
plate 9a during tiie posittoning and drivlnfl of ti.e coa 1 0- The adhesive or the 

like to a portion corresponding to tiie comjgated part 91 fixes the coll 10. 

Moreover, the vibrating plate 9a hosaspringperti7lixed to the vibration 

transmitter 12 by the elastic material 6e such asihe bonding agent, preesure- 
sensltive adhesive, orthe like, and fixed byasupportframeisviathe elastic 
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matertaiee. i„ this «»«e. a pnrtecth/e plate 18 provided «rtth an arblW 
attached to the outer peripheral part of the vibration transmitter 12 in order to 
protect the functionai main body of the vibrafion actuator. 

With reference to Fig. 12A. the description wBl be made as regards a 
Vibration actuator according to an eleven^ embodiment of the present invention. 
The vibration actuator comprises similar parte designated by lilce r^rence 
numarals. In the vibration actuator of Fig. 12. the comigadon is appHed In an 
outerperipheralspringpartlTaofavibralingmemberQb. With the vibration 
aclua.or.anonnal operation andalargeampinude are brought about to allow a. 

to Vibrate ««hout any positional deviation ofthe Vibrator 9b during the dri^^^^^ 

comparedv^thevlbrailonactuaiorillust,atedinRg.l1. Therefore. the h,gh 

sound pressure level, and acoustic properties with low noises are obtained. 
Furthem«re.byarbttrBri^changmgthemater1a.,s^«pe.p^ethic,«.ess.a^^^^ 
„Ke of the Vibrator 9b or the spring part 17a. thetrequency properties ofawide 

liand can be obtained. 

,hev»ra«on»u».orolF^,.m«Kl.«nv««lcn-vlb«*n«lu«=rlnv«*. 
v.bra.ng^»«do«na.h»..~m„*n. A«d<««-«n.rep«.n». 

,.pr«en.= ad,s.ort.np™p-W.nm.v«a.i«.ec«-»r«in».12^ A1hln«lW. 

m,„ sroKeivlln. reprew* the dl«orton P^pe^V » ■»n»*™' ^ 
A.wlUt«und,«tt«lft™r=l9.12B.m8b»*«a«p»P«tyln1h. 

enabl»»oM.lna«»^-n,/ property ofatownol«cf10*ofle8,»,aWgh. 

band frequency of 600 Hz or more.. 

WHh reference to Rg. 13. the description will be made as regards a 
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vtt,,a«o„ aciuaar accortW to a tw-«h «<«bo*«em 

The vibralion aOualor emprises sWlar parts deslgnasd by Ik. tefcrenoe 
,„tt,eylbmtonacma»rofRB.13.thev«>raIto,w«««ler12B 

p»*ied»«,apU.«l«y»flaaKholes21. EaehottheMKhotosZI teofa 
ac«»«, asound preset otiotoSOdB is a«««ed so*alWp™9e«i~ can 

be controlled- 

W» ralenma to Hg. 14. Iha .wertpton .1-11 be directed » a 
exampte<«acoustopr=po..iaso.«»v*««lo«ac.«to,l«us»^ A 

otstand-dvaKKi. F«t«>uancy P»P««« 

IEC31BandlEC711. 

nef^r^B fc. Bg. 16. a oeuular phone 70 1. p«vlded w«h .vll>n«.n 
,^71acco,dlnBtoanexamp..otthep«.««W»ntW. TheySmtion 

aduatoc 71 has an outllno of a dtcular shape. 

Relerrtng to Fig. 1 6. a cewar phone 70 IS pnwlded«lth a vibrrton 

«a.alor72accordlngtoan*«exa™ieaf««p««itln»n««.. fbe 
vib«tlonaotuato,72hasanou«neo.an^onflateddro*r««pa. Theoutlne 
o,ih.v«xallonaclMa«r 72 may be nK>diliod to have an elliptical 

Thus. byfotn*.gthevlb«llng .nsmb«-. the vlbm«ontran8n«». andiha 
«„ in dioula,. the elllplic and the elongatad droular Shapes, them can be 

pmvlded 1ha v««tlon aciuaw in whloh Ih. components can be attached to ««. 

housln9haoco«lance««hthehoiislng«l»chmentaieao«lshapa. -ma 
v*»«o««noons.an»yb.»an»nlt.edto1.»o^v*haoon«an,e«clency 

even when the shaped is changed. 
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The vibrating member is tormed by a film member made of plastic 
material selected from PEl (polyetherlmlde). PET (polyethylene terephthalate). 
PC (polycarbonate). PPS (polyphenylenesulfide). PAB(polyaiylato). PI 
(polyimlde). and PPTA(poly.p-phenyleneterephthalamide (Aramid)). 
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CLAIMS 

1. Avibration actuator including a magneiioclrcuft device with a 
magnetic gap. a vibrating member, a coll fixed to said vibrating member and 
dispOBed in said magnetic gap. a vibration transmitter, and a suspension plate for 
elasucaliy suspending said magnetic circuit device to said vibration transmitter in 
a piedetemilned direction, said vibration actuator furtr^er comprising a primary 
elastic member Interposed between said suspension plate and said magnetic 
circuit device In said predetermined direcilon. 

2. A vibration actuator as claimed in claim 1 . wherein said suspension 
plate has a central portion and a peripheral portion around said central portion, 
said peripheial portion being connected to said vibration transmitter, said central 
portion being connected to said magnetic circuit device through said primary 
elastic member. 

3. A Vibration actuator as Claimed in claim 2. wherein said suspension 
plate includes a leaf spring portion extending along a spbal curve between said 
centra] and said peripheral portions. 

4. A vibration actuator as claimed in dalm 3. wherein said suspei^on 
plate Has a plumilty of elongated holes which extends substantially paranel to 
said spiral curve to Ibmi said leaf spring portion therebetween. 

5. A vibration actuator as claimed in dahn 4. wherein each of said 
elongated holes has end areas and an intemiediate area between said end areas, 
each Of said end areas being defined by a circular surface and a spiral surface 
which is paiallel to said spiral curve, said Inlemiediate area being defined by 
opposite spiral surface Which are parallel to said spiral curve. 

6. A Vibration actuator as claimed in claim 1 , wherein said suspension 
plate is made of at least one spring material selected ftom SUS304. SUS301 , 
nickel silver, phosphor bronze, and beryfilum-copper (Be^u) alloy. 
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7. A Vibration actuator as claimed in claim 1 . wherein said magnetic 
circuit has any one of an Internal magnetlolype. an external magnetic type, and a 
radial type. 

8. A vibration actuator as cteimed In claim 1 . further comprising an 
additional elastic member fixed between said vibrating member and said vibration 
tiansmttter in said predetermined direction. 

9. A Vibration actuator as claimed In daim 1 , wherein each of said 
vibrating member and said vibration transmitter has a shape selected from a 
circular Shape, an elliptic shape, and an elongated circular shape. 

1 0. A vibration actuator as claimed in claim 1 , wherein said vibrating 
member has a shape seleetedfrom aflat plate shape, a disc shape, a curved 
shape, a comjgation. and a comblnalion of said respective shapes. 

11 . A vibration actuator as claimed In daim 1 , further comprising a 
connecting member connecting one of central and peripheral parts of said 
magnetic dmult device to a central part of said suspension plate. 

12. Avlbmaonactuatorasclalmedlnclalmll.whereinsaidprlmary 

elastic member Is fixed between said suspension plate and said connecting 
memi}er. 

13. A vibration actuator as claimed In claim 1. wherein said suspension 
plate has a central opening, said magnetic drcult device being fitted In said 
central opening and fixed to said suspension plate. 

14. A vibration actuator as claimed in daim 13. wherein eaid primary 
elastic member is fixed between said suspension plate and said magnetic cinajit 
device. 

15. Avibration actuator 8s claimed In claim i.whereinsald coil Is fixed 

to a particular position of said vibrating member by an adhesive. 

16. A vibration actuator as dalmed In claim 1. wherein said vibration 

transmitter has at least one sound emitting hole. 
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17. A Vibration actuator as claimed in claim 16. wherein said at least 
one sound emitdng hole makes said vibration transmitter sen/e as Helmhollz 
resonator. 

18. Avtoratlonacstuatoras claimed in claim 1. Wherein said magnetic 
circuit device includes a yoke hawing at least one protrusion adjacent to saM 
magnetic gap. 

19. Avibrationactualoras claimed in dalml, further comprising a 
secondary elastic memberflxed between said suspension plate and sakl vibratton 
transmitter in saJd predetemrined direction. 

20. A vibration actuator as claimed in dalm 1 . wheiein said suspension 
plate and sand vibration transmitter are integrally fom,ed by means selected f«m 

insert molding, bonding, and welding. 

21. Avibratlonactualorasclalmedinclaim l.furthercomprlslnga 

stopper disposed inside said vibration transmitter for adjusting a space between 
said magnetic drcuil device and said vibration transmitter, 

22. A vibration actuator as claimed In claim 1 . wherein said vibrating 

member has a part fixed to said suspension plate, 

23 AvibraBonactuaJorasclaimedindalml.whereinsaidvibratjon 

transmitter vibrates togethsr with saW vibrator when said coll is supplied with a 

current of a high frequency. 

24 Avibrationactuatorasdalmedinclalmi.whereinsaWvibraUon 

transmitterlomis afb«d part in a low frequency, andfomts an elastic material in 

the high frequency. 

25. A vibration actuator as claimed in claim 1 , wherein said vibratwn 
transmitter has at least one leak hole for decreasing sound pressure. 

26. A vibration actuator as claimed in Claim l.vrtierein said odl is 

divided into a plurality of pieces. 
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27, Avlbralionartuatoraadalmedlnclaiml.whereinsaldvibrati^^ 
member Islomied by a film member made of plastic material seteoied fit>m 
poiyethertmlde. polyethylene terephthalate. polycarbonate. polyphenylene-sulfWe. 
polyarylate. polylmlde. and potyiJ-pbenylene terepMhalamlde (Aramld). 
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